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INTRODUCTION 
General Statement : 
This dissertation constitute part of the M.Phil, program in Remote 
Sensing Applications. The dissertation presents; Interpretation of Geology 
through Multiband TM data of the Jaipur and adjacent areas in Rajasthan. 
The study was carried out using visual and digital techniques for the interpretation 
of Geology. Geomorphology, Landuse and Landcover were interpreted for 
use as interpretational keys in thematic mapping. 
The dissertation presents the results of visual and digital processed 
TM data outputs. The TM data in digital and hardcopy prints, transparencies 
and FCC mode were analysed for Geology, Geomorphology, Landuse and 
Landcover. Ground inputs were provided from available literature, survery 
of India sheets and selective field checks. 
Area and Location : 
The study area falls in parts of latitude 27° and 28° North and 
longitude of 76° and 77° East included in Survey of India Sheet No. 54 A 
and Path No. 147, Row No. 041 in the LANDSAT 5 Index Map. The area 
is located in parts of Jaipur and Alwar districts of Rajasthan. (Fig. 1) 
Means of Communication : 
Jaipur district in accessible both by road and railway. It is connected 
from Delhi through National Highway-8 which passes through Alwar. The 
area is also approachable through National Highway-11 and SH-13: Seriska 
Birat, Akbarpur, Raialo, Ajabgarh, Alwar, Thana Ghazi, Pratabgarh are important 
places in the area. Almost all the villages are well connected by roads 
which are motorable in dry season. The area is also approachable by railway 
through a meter gauge line connecting Delhi and Ahmadabad. Jaipur is the 
nearest airport serving the area. 
Climate : 
The area under study has a dry to semi-arid climate, it has hot 
summer season which is from middle of March to June. During this period 
the temperature is high and dry air with heat wave is experienced. Monsoon 
is confined to the area from July and August where South-West Monsoon 
advances. Winter season is short and cold from November to middle of 
March. 
Fauna : 
The area with its varied topography hosts variety of wild life. 
Land animals like Tiger, Wolf, Wild hog, Deers etc. are common in the 
reserve forests. Fish, turtle water snake, frogs and crocodile are also found. 
Common and migratory birds are also found in different areas. Overall, 
the reserved forest and National Parks in district are shelter for the wild 
life present in the area, Seriska, Ajabgarh etc. are the important forestreserves. 
Flora : 
The natural vegetaion which covers the study area has admixture 
of tropical and xerophyte flora. Dense to sparse vegetation with a number 
of reserved forests support dense growth of Gular, Dhak and Xerophytic 
bushes, covering the Southern and central part, scanty bushes of Ber, Khair, 
Kibar etc. are seen in the Northern part of Fatehabad and Mandawar forests 
etc. 
Apart from natural vegetation, plains are very good for agricultural 
development and soil give many variety of agricultural products like wheat, 
barley, jawar, maize etc. 
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AN INTRODUCTION TO REMOTE SENSING 
Remote sensing is a technique of sensing an object or thing without 
any physical contact. ' 
The Electro-Magnetic Radiation (EMR) received or transmitted 
by the object is analysed to recreate image of the scene through machine 
processing. The image is interpreted through logical deductions and convergence 
of evidence from recognition elements for environmental and natural resource 
studies. 
Electro-Magnetic Radiation : 
Electromagnetic radiation (EMR) is a dynamic form of energy which 
is propagated as electromagnetic waves (EMW). The wave motion of EMR 
is at a velocity of c = 3 x 10 cm/s i.e. velocity of the light. The EMR 
travels in a harmonic sinusoidal fashion. The EMW consists of sinusoidal 
electric waves (E) and similar magnetic waves (M) which are at right angles 
and both are perpendicular to the direction of propagation (Fig. 2). 
Fig. 2 : Electromagnetic V\/ave (source : C.P. Lo 1986) 
1. ELECTRIC FIELD 
DISTANCE 
The EMR equation is c = f 
where, 
c = Velocity 
i - Frequency 
A= Wavelength 
Component of Elector Magnetic Radiation : 
The EMR is characterised by wavelengths which lie in different 
ranges. The most prevalent unit to measure wavelength is micrometer i.e. 
]im = 10~^ m (Fig. 3). 
Fig. 3 : The regions of Electromagnetic spectrum (source : Lillesand &: 
Kiefer, 1979) 
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The names assigned to the portion of electromagnetic spectrum 
(EMS), such as Cosmic rays, Gamma Rays, X - rays. Ultra -Violet, Visible, 
Infra-red, Microwaves, T.V. and Radio waves etc, are based on the method 
of sensing the different type of radiation and not on the differences of 
energy characterstics of the various wavelengths. 
Regions of Electromagnetic Spectrum : 
The electromagnetic radiation (EMR) which is used in the remote 
sensing includes wavelengths from 0.3 ;im to a meter for convenience of 
description. The EMR is referred as visible (0.4 - 0.7 ;jm), near -
IR (0.7 - 1.3 ^im), middle - IR (1.3 - 3 pm), thermal - IR (beyond 3 ;jm). 
The wavelength region 1 mm to 1 m is referred as microwaves. The visible 
portion of EMR are generally referred as blue, green and red. The blue lies 
between 0.4 jjm - 0.5 pm green lies between 0.5 jjm - 0.6 jjm and red is 
from 0.6 jum —.7 ;im. 
Atmospheric Windows : 
The spectral regions for which atmosphere is transparent are l<nown 
as atmospheric windows. 
Rayleigh Scattering and Ozone layer absorption attenuate the radiation 
below wavelength 0.3 >jm and strong absorption of EMR around 1.4 and 1.9 jum 
wavelength due to water vapours in atmosphere leads to energy blockade. 
The atmospheric windows available in the spectral regions are given in Table 1 
and Fig. 4. 
TABLE 1 
Atmospheric vandows 
1 
2 
3 
4 
5 
6 
Spectral region (urn) 
0.3 - 1.3 
1.5 - 1.8 
2.0 - 2.6 
3.0 - 3.6 
4.2 - 5.0 
7.0 - 15.0 
Fig. 4 : Atmospheric windows (source : Lillesand & Kiefer, 1979) 
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Bands used in Remote Sensing : 
i) Radio Band : 
Wavelength is longer than 10 cm and its frequency is less than 3 GHZ. 
Active Remote Sensing sensores like Rader, Altimeter and to lesser extent 
passive Radiometers use this region of EMR. 
ii) Microwave Band : 
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The region having 10 - 1 mm wavelength is referred as microwave 
region, Radiometer, Spectrometer and Radar system use this region. 
iii) Infrared Band : 
Spectral region of IR Band lies between 1 mm to 0.7 ^m. It is 
divisible into Far IR, Thermal IR, and Near IR. Imagers, Spectrometers, 
Radiometers, laser, etc. work within this region of EMR. 
iv) Visible Band : 
It starts from 0.7 jim and ends to 0.32 jum. This region of EMR 
is used in black and white and colour photography. The human eye is sensitive 
to this region hence it is referred as visible band. 
v) Ultraviolet Band : 
Wavelength ranging from 0.32 )xn\ to 300 A° constitute ultra-violet 
band. This region is mainly being used for planetary studies where atmosplicrc 
is not present. 
vi) X-Rays and Gamma Rays : 
The X-Ray region ranges from 300 A" to 0.3 A° and less than 
0.3 A° is gamma ray. Because of atmospheric opacity for this region the 
use of this region is limited to low flying air-craft platforms and to the 
study of planetary observations. 
Remote Sensing Platforms : 
a) Brief History : 
Development of Remote Sensing science for various applications 
is closely related to development of photograpliy. The photographs taken 
with an inclined optical axis are regarded as aerial photographs which are 
used for taking picture of the earth from air. The early history of remote 
sensing is the application of photo-interpretation in earth resource surveys. 
During 1839 Daguerre and Niepee took the first photograph and Colonel Aime 
used photograph for topographical mapping (1849). 
b) Early Platforms : 
Balloons were the early platforms which were used for aerial photo-
graphy around 1858 for coverage of large area. The photography by balloons 
was uncontrolled in its aerial coverage. By 1880 the use of kites was introduced 
as primitive platform for the camera. The spatial coverage of photography 
was controlled through the kite string from ground station. The advent 
of airplane made it possible to have aerial photography of specific areas 
and first photographs were taken from Centocelli, Italy by aircraft piloted 
by Webur Wright in 1909. Later in 1930 colour photography became possible. 
The introduction of aeroplanes as platforms was a quantum jump in remote 
sensing and photogrammetry. The defence requirements led to the development 
of higher altitude photography. The advent of satellite era from mid 60,s to 
present day has led to development of satellite based remote sensing. The 
NASA did the poineering work with LANDSAT and SEASAT platforms from 
1972 onwards. Later several conuntries including India have introduced their 
remote sensing satellite. 
Ground Borne Platforms : 
These are platforms which could be fixed or moveable for ground 
data collections through radiance measurement at different angles. 
The Cherry arm configration van is good example of Ground Platform 
in remote sensing which uses Microwave Radiometer, Dobson Spectrometer, 
Lidar, Radar etc, measuring the intensity of the reflected or emitted energy 
from the object or terrain. The data collected from ground platforms are 
used for plotting reflectance curves and preparation of training sets for 
supervised classification. 
Air Borne Platforms : 
The air born platforms can be grouped into : 
A) Balloon Borne Platform 
b) Aircraft Borne Platform 
A) Ballon Borne Platform : 
Its use was started in late nineteenth centuary for remote sensing 
purpose from various altitudes. In 1840 balloons were used for atmosphere 
and earth studies. Another use of balloon is for checking the performance 
of sensors. 
a) Free Balloons : 
These balloons are designed depending on the application and usage 
to achieve desired elevation. They may hover over specific area or may 
return to starting point. High resolution photographs from an altitude of 
upto 25 km could be taken by these balloons. 
b) Tethered Beilloons : 
These are connected to the earth station by a strong and highly 
flexible wire which is also used for power supply e t c to the Balloon-Sphere 
type which] are used for wind velocity of less than 35 km/hr wind and 8 km 
altitude. 
Natural shape balloons are used at less than 8 km/hr wind velocity. 
Lastly for any desired wind velocity streamlined balloons are used 
in which payload, flight duration and life is anticipated. 
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b) Aircraft Borne Platform : 
Fast development of aircrafts led to usage of advance aircrafts 
as remote sensing platforms. An aircraft should have uniform speed, height, 
good stability so that it could be used as a platform. 
Aircrafts used as platforms in India are : 
DAKOTA - 6060 m ceiling height, 240 km/hr is minimum speed. 
AVRO - 7600 m ceiling height, 600 km/hr is minimum speed. 
CESSNA - 8800 m ceiling height, 350 km/hr is minimum speed. 
CANBERRA - 13700 m ceiling height, 360 km/hr is minimum speed 
Space Borne Platforms : 
Application of satellites for resources survey started with introduction 
of manned satellite like Gemini and Apollo series. Good quality hyperaltitude 
photographs of earth were taken from these satellites. Intensive use of 
satellite as remote sensing platforms was started by launching of ERTS 
series later named as LANDSAT series. 
The satellites are not affected by atmosphere hence their orbit 
can be anticipated and fixed for a long duration. This facilitates repetitive, 
temporal coverage of images of earth or specific area at a fixed interval 
of time. 
According to the orbital characteristics the satellites can be classified 
into 3 groups. 
1) Satellites with general orbits 
2) Satellites with equatorial geosynchronous orbits 
3) Satellites with near polar sun-synchronous orbits 
1) Satellites with General Orbits : 
These are refering to those satellite which have neither geosynchronous 
nor sun-synchronous orbit. Seasat-1 is good example of these type of satellites. 
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2) Geostationary Orbiting Satellites : 
At the height of 35800 km above the equator of earth the speeds 
of the satellite and earth are equal, so any satellite could be fixed to look 
a specific area through out its life period. Since one satellite could cover 
one third of the earth, there satellites are required to cover the entire 
earth. These are used for meterological and communication purpose. 
GEOS : (Geostationary Operational Environmental Satellites) 
Altitude - 36000 km 
Band - 0.55 - 0.77 /im (visible) 
10.5 - 12.6 ym (Thermal IR) 
Resolution - For visible band it varies from 1 to 8 km and for 
thermal IR is 9 km. 
The visible band is used for day time scanning and thermal IR for 
night scanning, the other examples are ATS (Application Technology Satellites) 
and METEOSAT (European satellite). 
INSAT SERIES : (Indian National Satellite) 
An example of Indian geostationary satellites is INSAT series. INSAT-IA 
failed to work, but the INSAT-IB is functioning and used for communication 
and meterological applications, placed at 82 degree east at an altitude of 
36000 km. 
The INSAT-IC is also functional and is having the same applications. 
3) Near-Polar sun-synchronous satellites : 
The orbit is chosen in such way that the satellite is moving North-
South ([descending) and South-North (ascending) avoiding the Pole by 9° by 
which the whole earth can be covered within fixed period of time which 
means the angular relationship between satellite orbital plane and the sun 
is constant which keep the sun illumination angle constant for a given latitude 
for a short period. The altitude for this orbit is about 900 km above the 
12 
earth. Good example of this is LANDSAT series. 
LANDSAT Series : 
Since the launching of LANDSAT series of satellite extensive studies 
for civil applications or Remote Sensing have started. Till now five LANDSAT 
satellites (EARTS) have been launched. The first satellite of the series 
was launched in 1972, known as Earth Resource Technology Satellite. Table 2 
gives the details. 
TABLE 2 
Satellite Altitude Started Ended 
LANDSAT 1 
LANDSAT 2 
LANDSAT 3 
LANDSAT 4 
LANDSAT 5 
917 km 
917 km 
915 km 
705 km 
705 km 
July 72 
January 75 
March 78 
July 82 
March 84 
January 78 
July 83 
March 83 
October 83 
June 89 (?) 
LANDSAT series gave impetus to applications of remote sensing in resource 
surveys in different parts of the world. The first three LANDSAT has common 
orbit and imaging systems, which were known as first generation LANDSAT 
satellites. The LANDSAT 4 and 5 are regarded as new generation of high 
resolution resource satellites. 
All five LANDDSAT series satellite had sun-synchronous orbit. 
The orbital time of LANDSAT 1,2 & 3 was 103 minutes, about 95 minutes 
for LANDSAT 4,5 crossing equator at 9° angle from normal. Orbits are 
sucessively 2760 km apart at equator which results in approximately 14% 
overlap of images and increase towards higher latitude i.e. at 80° latitude 
the overlap is about 85%. For first generation the temporal coverage was 
18 days but it is reduced to 16 days for LANDSAT 4 and 5. 
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LANDSAT has MSS, RBV, TM sensors, details have been given later in the 
chapter under the sensors. 
NOAA / TIROS Series : 
National Oceanic and Atmospheric Addministration operate both 
NOAA and TIROS. This series started with first generation calledd TIROS 
(Television and Infrared Observation Satellite) used for weather applications 
and functioned between April 1960 and July 1966. 
The second generation comprises both ITOS (Improved Television 
Observation Satellite) and NOAA, which both are sun-synchronous satellite 
with 1500 km altitude. The last satellite was NOAA-5 which stoped functioning 
on February 1979. 
The third generation satellites called TIROS-N and NOAA 6 to 13, 
have similar orbit to that of LANDSAT series placed at an altitude of 830 km 
with one day repeat time, but as there are always two of these satellites 
in orbit at a time hence an image of each area on the earth surface is 
collected twice a day. TIROS-N was operational from October 78 to June 
1981 after which it was replaced by NOAA-7. 
NIMBUS Series : 
Nimbus series comprises 7 satellites out of which 1 to 6 were 
at an altitude of 1000 km and lasted from 1964 to 1981. The Nimbus-
7 currently functioning at an altitude of 910 km in sun-synchronous orbit, 
was put into orbit in October 1978. 
SPOT : (Systeme Probatoine de I'observation de La Terre) 
SPOT means earth observation test system and is launched by France 
with participation from both Sweden and Belgium. Two SPOT satellites 
i.e. SPOT-1 and SPOT-2 have been lunched in 1985 and 1986 respectively 
which will have a near-polar, sun-synchronous orbit at an altitude of 832 km. 
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The SPOT has Nadir and off - Nadir viewing capability with rcpca-
tation cycle of 26 days. Local crossing time is 10.00 A.M. 
HCMM : (Heat Capasity Mapping Mission) 
Launched on 26.4.1978 into sun-synchronous near polar orbit with 12 
hours orbit coverage i.e. two time equator crossing at 2.00 and 1400 hrs. 
SEASAT : 
Launched on 26.1.1978, at 800 km altitude in near polar orbit, 
it failed 99 days after launching. 
Japaness Earth Resource Satellite : 
Two satellites namely MOS-1 (Moriac Observation Satellite) and 
ERS-1. Both have same orbital and altitude as that of LANDSAT series. 
IRS Series : (Indian Remote Sensing Satellite) 
Indian Remote Sensing Satellite (IRS-1A), launched from Bail<anor 
USSR in 1985 by Vostak carrier rocket. It is placed in polar Sun-synchronous 
orbit at altitude of 904 km. 
IRS-1A will cover the entire Indian sub-continent once in 22 days. 
The IRS data reciving station is located at Shadnagar about 50 km away 
from Hydarabad where processing of raw data is done. 
Configuration is three axis established, polar Sun-synchronous satellite 
carrying Pushbroom Cameras. The effective life time of IRS would be 3 years. 
The spacecraft is equiped with two deployable sum tracking, three panel rigid 
solar arrays to generate a power of 709 Wt, TTC (Telemetry Tracking 
and Comand) and data handling in S band and X band. 
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Sensors : 
Any device which can detect and record the variations in physical 
quantitatives such as variation in light intensity or temperature and produce 
them in acceptable form for further utilizations is referred as sensor. Some 
general characteristic should be known before going for details of sensors, 
which are as follow. 
Pixel : It is derived from Picture elements, which is having defined spatial 
and spectral resolution (i.e. its size and spectral response) depending upon 
the sensor configuration. 
Resolution or resolving power : 
It is the ability of the sensor to distinguish energy changes in spatial 
and spectral modes. Spatial resolution refers to smallest angular or linear 
separation between two adjacent objects while spectral resolution is measure 
of the discreteness of band width and sensitivity of the sensor to discriminate 
between grey levels. 
Resolution Cell : The smallest area in a scene considered as a unit of 
data which subtended by IFOV (Instantaneous field of view). 
Instantaneous field of view : It is the smallest place angle over which a 
sensor (Scanner) is sensitive to radiation. 
Total field of view : The overall plane angle or linear ground distance 
covered by scanner in the cross track direction. 
Dwell time : The time required for detector IFOV to sweep across a ground 
resolution cell. 
Remote Sensing Systems (Sensors) : 
Two main imaging systems which are used are framing and scanning 
types. 
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i) Framing System : 
These systems take a snapshot of an area of the surface, which 
then projected through camera's optics on a film or a two dimensional array 
of detectors located in the camera's focal plane. Common cameras are 
using simple film whereas vidicon uses a photo sensitive electronically charge 
surface for ddetection and recording (Fig. 5). 
Fig. 5 : Photographic framing system (source : Sabins 1987) 
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ii) Scanning System : 
A scanning system employ detectors with & narrow field of view 
which sweeps across the terrain in a series of parallel scan lines to produce 
an image. Scanning system may follow any of the three common types 
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of tracking system. 
a) Cross Track Scanning System : 
A mirror sweeps the swath width across tlie flight direction it 
may be unidirectional MSS is an example of unidirectional and TM is example 
of bidirectional cross track scanning systems. 
b) Along Track Scanning System : 
For getting better spatial and spectral resolution, the dwell time 
should be increased and hence the oscillation mirror is eleminated by providing 
individual detector for each ground resolution cell and the IFOV of each 
detector sweeps a ground resolution cell along the terrain in flight direction 
(Fig. 6). 
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Fig. 6 : Tracking system and Dwel time (source : Sabins 1987) 
c) Side Track Scanning System 
The side tracking is mainly used for active remote sensing system 
(Eadar, Lidar etc.). 
18 
Passive and Active Remote Sensing : 
On the basis of energy source the imaging systems are divided 
into : 
A) 
B) 
Passive 
Active 
A) Passive : 
Passive sensors detect and record the already existing energy. 
The main source of energy is sun. Wide variety of sensors/camera are used 
for remote sensing application are examples of passive sensors. 
i) Cameras : 
Different types of aerial cameras are being used for different 
format size aerial photography. Various combinations of filter, camera, 
lense andd filters are used in aerial photography for obtaining photographs 
in visible and IR spectrum in Black and white, colour and false colour. 
The Table 3 shows some of cameras being used in India. 
TABLE 3 
Camera Focal length Format size Angle of coverage 
Wild a) 
b) 
c) 
d) 
R.C.5(a) 
R.C.5(a) 
R.C. 8 
N Universal 
21 
11.5 
11.5 
15.2 
cm 
cm 
cm 
cm 
18 
18 
18 
23 
X 18 cm 
X 18 cm 
X 18 cm 
X 23 cm 
63° 
95° 
95° 
94° 
Zeiss RMK 'A' 15.3 cm 23 X 23 cm 93° 
Wilson Eagle Type 
and 
Bos Eagle Type 
^"•^•^ Eagle Type 
Eagle Type 
cm 9 x 9 cm 93° 
10 
12 
20 
cm 
cm 
cm 
9 
9 
9 
X 
X 
X 
9 cm 
9 cm 
9 cm 
65° 
54° 
35° 
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ii) Multispectral Sensors (Scanners) : 
The following RCITIOIO Sensing sensors in Indin arc nvnilablc lor ncridl 
pliolograpliy. 
a) Ocean Colour Rediometer (OCR) 
It measures tiie spectral reflectance of water boddies in terms of 
radiance and iradianee in visible and near infrared channels and these data are 
recorded on magnetic tapes, which are used for interpretation of various 
ocean parameters and dynamics of biological processes in the ocean. OCR 
is also for studies of sediment transport in coastal zones; pollutional effects 
on water etc. 
b) Modular Multispectral Scanners (MMS) 
It has eleven bands which include one in Thermal IR band and 
ten bands are in visible and near IR region. It is having 2.5 milliradians 
IFOV. Thermal channel of MMS can be selected between 8-14 jjm. 
Its uses are earth resources scanning, shallow water bathymetery, 
studies in coastal zones and sea surface temperature evaluation by using 
thermal IR channel. Pixel resolution for MMS is 3-7 m. 
c) ISRO - MSS 
This is developedd in India by ISRO which can have four or six 
channels. It records the data in digital made in visible, near IR and tlicrmal 
IR wavelength regions. Swath width is 4.2 km and its pixel resolution is 
15 m. 
d) Return Bean Vidicon (RBV) 
There are television cameras which were carried by LANDSAT 
1,2 & 3. 
On LANDSAT 1,2 three RBVs were used, each filtered into a different 
waveband, i.e. camera 1 into green (0.48 - 0.58 ^im) and second camera into 
red (0.58 - 0.83 ^m) and camera 3 for near infrared (0.69 - 0.83 }xm) region 
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giving three images for the same area. The ground coverage of inmges were 
same as for MSS i.e. 185 km by 185 km with 80 meters ground resolutiorj. 
Uy assigning these images blue, green and red colour we gel FCC image 
of the area. But the RBV in LANDSAT-3 was different from these and 
was giving a D/W image of the area, with the help of the two TV cameras 
with increased focal length to produce 80 m ground resolution. Total coverage 
area for each camera was 98 km by 98 km. RBV did not have film but 
photo sensitive surface with was exposed to incoming energy through siiutter 
device (Fig. 7). 
Fig. 7 : RBV cameras (source : C.P.Lo 1986) 
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e) Multispectral Scanner (MSS) : 
This sensor records four images of a scene in different wave bands 
(green, red and near IR) each covering 185 km by 185 km area with ground 
resolution of 79 m. There are six detectors for each band which addup to 
24 detectors for all four bands. Since the MSS is cross track scanning system. 
Table 4 presents the details of MSS used in LANDSAT 1,2 <5c 3 and MSS bands 
used in LANDSAT 1,2,3,4 & 5 have been given in Table 5. 
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TABLE 
Scanline 
Pixel per scan line 
IFOV 
FOV 
LANDSAT 1,2 
2340 
3240 
79 m X 56 m 
11.56° 
LANDSAT 3 
2983 
3548 
79 m X 56 m 
14.9° 
TABLE 
MSS band number 
LANDSAT 1,2,3 LANDSAT 4 & 5 
Characterist ics 
Wavelength jjm 
4 
5 
6 
7 
1 
2 
3 
4 
0.5 - 0.6 ( green ) 
0.6 - 0.7 ( red ) 
0.7 - 0.8 ( near III ) 
0.8 - 1.0 ( near IR ) 
The MSS on LANDSAT 4 does not have much difference with the 
previous MSS except for pixel size with was adjusted to 80 meter (Fig. 8). 
Fig. 8 : MSS system (source : C.P.Lo 1986) 
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f) Thematic Mapper (TM) : 
The advancement of scanning system and relatively poor resolution of 
MSS led to development of thematic mapper which is also across tracking 
scanning system operating in visible and IR region in seven bands. It provides 
higher spatial and radiometer resolution by adopting 16 detectors for bands 
1,2,3,4,5 (5c 7, but 4 detectors have been used for the 6th band. The oscillating 
mirror is bidirectional which sweep the terrain in forward (West-East) and 
backward (East-West) direction normal to satellite path. Pixel size is 30 by 
30 m for all bands except for band 6 which has resolution of 120 m. Table 6 
shows the typical thematic mapper spectral bands and their applications. 
Table .6 : Thematic Mapper spectral bands and applications (source: C.P.Lo 1986) 
Band 1 (0.45 - 0.52 pm) 
Designed for water body penetration,making it useful for coastal water mapping. 
Also useful for differentiation of soil from vegetation, and deciduous from 
coniferous flora. 
Band 2 (0.52 - 0.60 >jm) 
Designed to measure visible green reflectane peak of vegetation for vigor 
assessment. 
Band 3 (0.63 - 0.69 ;jm) 
A clilorophyll absorption band important for vegetation discrimination. 
Band 4 (0.76 - 0.90 ;jm) 
Useful for determining biomass content and for delineation of water bodies. 
Band 5 (1.55 - 1.75 pm) 
Indicative of vegetation moisture content and soil moisture. Also useful 
for differentiation of snow from clouds. 
Bands 6 (10.40 - 12.50 pm) 
A thermal infrared band of use in vegetation stress analysis, soil moisture 
discrimination, and thermal mapping. 
Band 7 (2.08 - 2.35 )im) 
A band selected for its potential for discriminating rock types and for 
hydrothermal mapping. 
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Table 7 : Comparison of MSS and TM sensors used in LANDSAT satellites 
Parameters 
Spatial resolution 
Spectral bands 
Thermal band 
LANDSAT MSS 
79 m 
4 
-
LANDSAT 
30 m 
7 
Band 6 
TM 
Detectors 4 for each band 16 for band 
1,2,3,4,5 & 7 
4 for band 6 
Scanning system Cross traci<ing Cross tracking 
Sensitive to blue region Sensitive 
g) Pushbroom Imagers : 
Pushbroom is along track scanning system with high resolution visible 
(HRV) imaging system. The HRV can operate in two modes which is either 
a multispectral mode with 3000 CCD (charged couple detectors) arrays and 
ground resolution of 20 m x 20 m or high resolution panchromatic with 
6000 CCD's giving good resolution of 10 m x 10 m only. The Swath width 
for HRV is 60 km wide. By positioning two HRV in Nadir position parallel 
strip of imagery with 117 km is acquired. Another form is off-Nadir position 
of the HRV, which images strips at distance of 4755 km away from Nadir. 
h) Passive Microwave imagers : 
These imagers (sensors) detect emitted, reflected radiation within 
1 mm to 300 mm wavelength. They collect Thermal emission which largely 
depends on temperature and dielectric properties of material. 
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In microwave region of spectrum the frequency is more important 
than the wavelength. The large dielectric constant for water at 20°C (1 
GHZ frequency) contrast with other material of dielectric constant of 3-
8 only. ESMR(Electrically Scanning Microwave Radiometer) is a good example 
of this operating at 37 GHZ frequency on board of Nimus-5 meterological 
satellite. 
B) Active Remote Sensing Sensors 
It refers to sensors that generate their own source of energy or 
illumination. 
Radar (Radio Detection and Ranging) is an active remote sensing 
system, it operates in microwave portion of the electromagnetic spectrum. 
Radar system may or may not produce images but the SLAR (Side Looking 
Air Borne Radar) is an imaging system. 
Configuration and Operation of SLAR : It consists of radio frequency gcnorntor, 
amplifire, timer, transmit-receive switch (TR), antenna, receiver, cathode 
ray tube (CRT), Oscilloscope and camera. 
A long rectangular antenna is fixed on aircraft body parallel to 
its longitudinal axis. Tlie antenna emits energy in pulses in tiie direction 
normal to the antenna's longer axis. This energy propogate till it illuminates 
a narrow strips on the ground side way below aircraft. The energy reflected 
by features is received by antenna and transformed by receiver into an 
electric analog signal. This signal later processed and image on a photographic 
film to form continuous strip map of the terrain, the film movement (rolling) 
speed should be proportional to flying speed (Fig. 9). 
25 
Fig. 9 : Operating Principle of SLAR (source : Lillesand & Kiefer 1979) 
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Table 8 below shows the SLAR frequency ranges, but mostly the SLAR images 
have been acquired by Ka band or X -band system together with some L-band 
images. 
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Table 8 : SLAR frequency ranges (source : LiJlesand & Kiefer 1979) 
Band 
Designation 
K 
K 
K 
X 
C 
S 
L 
P 
Wavelength ( ) 
mm 
7.5 
11 
16.7 
24 
37.5 
75 
150 
300 
- 11 
- 16.7 
- 24 
- 37.5 
- 75 
- 150 
- 300 
- 1000 
Frequency (f) = e _. 
Megahertz (10° cycles sec 
40,000 -
26,500 -
18,000 -
12,500 -
8,000 -
4,000 -
2,000 -
1,000 -
26,500 
18,000 
12,500 
8,000 
4,000 
2,000 
1,000 
300 
• * t -K- - * f r - * *^ - t« - - * i -HK- -4K-HK-HMhHMr- *« -HNh-*e - -M- - *« - -» t - * t - - *e" -»«- - *e -
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MATERIAL AND METHODOLOGY 
Data Products: 
Geological and geomorphological mapping was carried out in the 
study area using TM data in digital and visual mode. To ext rac t the geology, 
geomorphology and landuse pat tern in the area covering path and row 147-041 
(Table 9). The following data products were used. 
I) TM negative at the scale of 1:1M in bands 2, 5, 7. 
2) TM Diapositive at scale 1:1M in bands 2, 5, 7. 
3) Paperprint black and white copy of quadrant 4, band 4. 
4) Hardprint standard FCC of TM band 2, 3, 4 of fourth quadrant 
on 1:250,000 scale. 
5) TM FCC of band 4, 3, 2 unsealed. 
6) Hardprint FCC of TM bands, 
7, 4, 2 
7, 5, 2 
4, 3, 2 
V, 5, 4 
7) Hardprint of FCC ratio band 4/3, 5/4, 3/2. 
8) Hard copy of B/W TM ratio band, 
4/3 
5/4 
7/5 
3/2 
9) TM FCC band 7, laplacian filter 5, 2 band. 
TM FCC bandd 4, laplacian filter 3, 2 band. 
TM FCC laplacian filter band 7, 4 with band 2. 
10) Survey of India Toposheet of the area of 1:250,000 scale. 
II) Geological Map by GSI of scale 1:250,000. 
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TABLE 9 
UNIVERSAL TAPE DISPLAY 
SENSOR : TP 
Number of lines 
Number of pixels 
Number of bands 
Lattitude 
Longitude 
Satellite/QD./VOl 
2848 
3900 
7 
27.8271 
75.5494 
L5-Q4-VOLI 
Path number 
Row number 
Date of pass 
Sun elev. angle 
Sun azim. angle 
Earth rot cor ang 
147 
041 
13/4/1988 
56.1021 
: 116.911 
• 0.00000 
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Equipments used : 
1) Optical enlarger x 4 magnification 
2) Dynascan 
3) VAX 11/780 based image processing system with pericolour display 
work station. The image processing facility includes software provided 
by VIPS 32 package and RRSSC developed package. 
4) The capability of the system 
4 mb main memory 
1.1 MIPS speed 
456 X 3 disk storage capacity 
Tape units with 1600/6250 bpi 
Alphanumeric terminal 
Graphic terminals with work stations 
LXY 22 line printer 
LOGE DUNN camera system 
Methodology : 
The TM data products in visual and digital mode were used for 
thematic interpretation of geology, geomorphology and landuse. Ttie combined 
man-machine processing techniques were used for analysis of multiband T.M 
data products into thematic outputs. 
Visual Interpretation : 
1. The 1:1M black and white diapositives of bands 7,5 and 2 were 
optically enlarged to 1:250,000 scale using large format optical enlarger. 
2. The data output were registered on a map base of 1:250,000 scale 
and the various geological, geomorphological and landuse elements were 
identified using interpretational keys. 
3. The FCC's were interpreted using Dynascan to extract information 
in respect of individual elements. The identified elements were extrapolated 
in the base map through x 4 magnification of 1:1M frames. 
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4. The various units were plotted on the base map using patterns 
and line symbols. 
5. The relevant units/elements were traced on an overlay from base 
map and final drawings for the thematic outputs were prepared on 1:250,000 
scale. 
Digital Image Processing : 
The digital image processing facilities of RRSSC at IIRS (Indian 
Institude of Remote Sensing), Dehradun were used. The digital data of 
TM bands 2,3,4,5 and 7 were used for unsupervised classification and preparation 
of FCC, enhancement techniques such as ratioing, filtering, edge enhancement 
etc. were carried out to obtain maximum thematic information by elimiinating 
the effects of the obscuring factors on geology and geomorphology of the 
area. The 4th quadrant of 141-041 was analysed. In order to select the 
best processing technique for thematic extraction a window was chosen which 
was considered as representative of the quadrant. 
a) False Colour Composite (FCC) : 
There are limitations for eyes to detect all the shades of grey 
so the preparation of FCC is necessary. To make a FCC of the area, first 
the 3 cct's of quadrant 4 of the study area were loaded on hard disk of 
vax 11/780. There is choice for making FCC of any combination of bands. 
For extraction of the geological information FCC (Band 4,3,2) was prepared. 
Depending on the given command the required bands are loaded on the subdisk 
and according to arrangement of the bands the red, green, blue colours 
are assigned to each band. Command used as : 
Loadim TM 147041 BA 4 3 2 of 5 2 1 PI Wi CI DBS; 
By using any combination of bands, ratio images, filtered image different 
combinations of FCC are prepared for the purpose of the study. (Plate No.1) 
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Result : TM FCC of Ratio image' 4/3, 5/4, 3/2 ( Plate No. 1 ) 
Here the FCC of ratio images was prepared my assigning each 
ratio image to a separate colour i.e. red green and blue separately. The 
resulting image has distinct colour patterns for units. All the quartzitic 
rocks are shown by greenish yellow colour. The schistose rock and basic 
intrusives are clearly seen by deep pinkish colour. Altered rocks are 
reflecting deep violet to black colour, agricultural areas are of green 
colour. This output is suitable for lithomapping, landuse studies, fracture 
analysis etc. 
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b) Image Enhancement : 
The scene does not utilize the full range of the grey levels (0-256), 
which results in poor contrast between objects within the image. Contrast 
enhancement techniques expand the range of brightness values in an image, 
the effect is to increase the visual contrast between adjacent areas of nearly 
uniform densities which enables the interpreter to differentiate easily between 
areas having small density contrast. The linear stretching was used for 
image enhancement which is simplest contrast stretch algorithm. A density 
number in the low range of the originnl histogram is assigned to extreme 
black and a value at high end is assigned to extremely while pixel, the 
ramaining pixel values are linearly distributed between the two extremes. 
Therefore the details which were obscure in the original image get enhanced 
in the new formed image. The different bands were stretched and later 
combined. The linear stretching technique was used in the preparation of 
images through band ratioing and FCC's. 
c) Ratio Images : 
Another technique which was employed for the present study is 
band ratio where DN in one hand is divided by the DN of corresponding 
pixel in another band. The DN value of each pixels obtained through band 
ratioing were stretched to get equal distribution of pixel over whole the 
range of grey shade (0-256). 
Band ratioing was carried out for 2,3,4,5 and 7 bands. Table 10 gives the 
details. 
TABLE 10 
Band Ratio Characters 
1. 4/3 Reflected IR/Red ( Visible ) 
2. 5/4 Reflected middle IR/Reflected IR 
3. 3/2 Visible Red/Visible Green 
4. 7/5 Reflected IR/Reflected middle IR 
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In this technique the darkest areas show that the denominator value is 
greater than the nominator value and vice versa for brightest areas. The 
disadvantage in ratio images is that some features get suppressed. (Plate No.2,3,4,5) 
Three ratio images of 4/3, 5/4, 3/2 were combined for preparation 
of FCC. 
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Result : Ratio image of 3/2 ( Plate No. 2 ) 
The image displays vegetation cover in dark tone, it is because 
the vegetation have high reflection in TM band 2 (0.52 - 0.60 urn) than 
in TM band 3 (0.63 - 0.69 um). However in this plate the sharpness of 
lithounits boundry is less and picture has an overall dark tone. The schistose 
and other rocks are not sharply defined. Traces of altered rocks are 
seen due to enhancement. 
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Result : Ratio image of 4/3 ( Plate No. 3 ) 
Here most of rock units are reflecting bright tone. The schistose 
rock and basic intrusives are showing bright white tone with sharp boundry 
which are enhanced. Altered rocks , Phyllitic and carbonaceous rocks 
are in dark black tone. Regarding the vegetition cover the chlorophyll 
absorption is high in TiVI band 3 where as the reflectance is high in TM 
band 4 hence we see the white tone of the vegetation cover in the output. 
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Result : Ratio image of 5/4 ( Plate No. 4 ) 
In this plate most of the rocks of Alwar Group are reflecting 
light grey tone except for valleys where marble, phyllite, schist and soil 
are developed, these exhibit grey tone. Schistose rock of Raialo and 
basic intrusive in central part of the plate have dark grey to black tone. 
The, corbonaceous phyllite and brecciated quartzite of Ajabgarh Group 
reflect black tone, water bodies are showing strong white reflection. 
However in this plate the boundry of some rock types are supressed. 
The cultivated land reflect white tone. In the Alwar Group of rocks 
some bedding contact is enhanced but not for all rock types. The TM 
barid 5(1.55 - 1.75 ^m) is good for detection of vegetation, moisture and 
we see the bright signature of all vegetated area and agricultural fields. 
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Result : Ratio image of 7/5 ( Plate No. 5 ) 
TM has two critical band 5 and 7 (1.55 - 1.75 jum and 2.08 - 2.35 pm 
respectively). Altered rocks have high reflectance in TM band 5 while 
they have low reflectance in TM band 7. The ratio of 7/5 bands eliminate 
the altered rocks which totally disappear in the output of band ratioing 
of 7/5. The quartzite ridges of Alwar and Raialo are clear. Another 
feature which can be seen is the faults of Ajabgarh area and fault in 
Raialo Group of Rock. This output is good for fault detection and fracture 
analysis. 
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d) Filtering ( Edge enhancement ) : 
Edge enhancement techniques are known as sharpening techniques 
where they increase the visibility • of general low contrast edges. As it 
is known edges are the locations in image where transition from one category 
to another occur. The use of edges enhancement enables the interpreter 
to delineate the image into different categories. 
Among the spatial filtering for edge enhancement the high pass 
or non-directional filter was used. Non-directional filter is a laplacian operator 
which is a Kernel type of 3 x 3 matrix with a high central value and tiie 
rest of the numbers are chosen depending upon the application e.g. 
-1 0 -1 
0 5 0 
-1 0 -1 
These filters enhance linear features having almost any orientation 
in the image except those linear features which comes to lie parallel to 
the movement direction of the matrix. The high pass filter was used over 
a window defined by Table 11. 
TABLE 11 
Starting line 
Starting column 
Finishing line 
Finishing column 
1 
1 
1025 
1025 
The above window was enhanced through combination of band 3, 2 
with 3 x 3 matrix of laplacian operators : 
1 
0 
-1 
0 
5 
0 
-1 
0 
-1 
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Using formula ( ^ ^ ^ ) + T Eq. (1) 
P 
Where, 
K = Filter coefficient P = Coefficient (-999 to 999) 
N = DN value T = Coefficient (for normalization) 
The filtered bands were combined together to prepare the FCC of the area. 
TM FCC Ba 4; LAPL FJU Ba 3,2 
The second high pass filter was applied on same area with 3 x 3 matrix of : 
-1 -1 -1 
-1 9 -1 
-1 -1 -1 
Using the Eq. 1, the band 5,2 and band 4,2 were filtered. The filtered 
bands were combined to generate the FCC of the area : 
TM FCC BA 7; LAPL BA 5; BA 2 
TM FCC LAPL FILT BA V, 4; BA 2 
Following plates display the rusult (Plate No. 6, 7, 8). 
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Result : TM FCC Laplacian filter ( Plate No. 6,7,8) 
In this technique a kernel of high central value was used to get 
more edge enhancement of the sample area. Depending on application, 
various filter kernels can be used. However in the present study preparation 
of FCC of various filtered bands was done. The reduction of spatial 
resolution is observed in the output, different lithounits can be picked 
up. The enhancement of lineament and linear features which can be seen 
in central part of each plate get maxmimum enhancement and these 
lineaments are showing different directions, hence a non-directional filter 
has been most useful for the area. 
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e) Unsupervised Classification : 
For geomorphological interpretation unsupervised classification was 
carried out with out training samples. Cluster analysis was carried out 
for partioning of the feature spaces based on the grouping pattern of DN 
values which reflect natural geomorphic elements. The software used for 
this purpose classifies the scene by minimum distance rule and the following 
steps were adopted for computer analysis of the data. 
1) Extraction of histogram for spectral bands 2, 3, 4 and 5. 
2) Generation of multidimentional histogram. 
3) Regrouping of hypercubes (multidimensional histogram) using minimum 
distance criteria (classification of the hypercubes using minimum 
distance algorithm). 
4. Choice of number of classes for final output. The computer asks 
for number of classes desired. The classes are given based on 
ground information. 
5. Generation of unsupervised classification output. The subscene 
had 20 classes (in response to step 4). 
6. Colour coding and presentation of classified output. Where the 
uncloured classified scene some on the screen. It is assigned to 
each class to obtain colour coded unsupervised classified thematic 
output. 
I'he resulted plate on presented in the next page with brief description, 
based on the general characteristic of reflection of different geomorphic units. 
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Result : Unsupervised classification ( Plate No. 9 ) 
The unsupervised classification was attempted through machine 
processing. The computer separate the pixels into various classes without 
any training sets. Distribution pattern of structural hills and valleys are 
differentiated, the former is shown by yellow colour and later by light 
green colour in the computer classified outputs. The sand bodies are 
clearly classified and can be seen with their sharp edge contact in the 
area. The classification of the pediment zone is not very reliable, apprantly 
the reflectance spectrum of the moderately moist pediment zone in the 
TM bands is not distinguishable from that of lower basal part of the quartzite 
as well as other prats of the area where pediment zone is not present 
but the tonal signatures (dark red colour) is shown in thee output by high 
moisture zones (where these colour can be seen along the river channels 
as well as nalas and other moiture areas). The cultivated lands are shown 
by light brown colour. Brownish colour may be due to soil cover in the 
area. The road is shown by black and railway line by green colour. 
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Flow Cliart 
Visiual interpretation 
TM negative, diapositive 
paper print FCC <5c B/W on 
1:1M scale & 1:250,000 
Pre field interpretation 
Photographic elements Geotechnical elements 
External sources 
toposheet, 1:250,000, 
1:50,000, Geological map etc. 
Convergence of evidence 
Thematic interpretation 
Map preparation 
- Geological 
- Geomorphological 
- Landuse/Landcover 
Field Check 
Incorporation of 
details after field check 
Final Maps ' 
- Geological 
- Geomorphological 
- Landuse/Landcover 
Dissertation 
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LANDUSE / LANDCOVER 
The optimum utilization and management of lands for various develop-
mental activities requires a proper and accurate knowledge of land-use and 
land cover of the area. The land-use refers to the utilization of a block 
of land for various cultural activities e.g. settlement, industrial activities, 
aggriculture etc. where as coverage by forests, natural vegetation, terrain 
type, buildings, sand etc. is described as land cover. 
The landuse/landcover pattern in Jaipur-Alwar area pertaining to 
path and row 147-041 was studied to establish the correlation between the 
landuse and landforms of the area. The area under study is hilly terrain 
and comprise part of arid frontier of India. The mainstay of the people's 
livelihood is aggriculture, animal husbandry and in lesser amount mining activities 
in some parts of the area. 
For preparation of landuse/landcover map the U.S geological survey 
classification (LILLESAND/KIEFER 1979) was followed. The landuse classification 
upto second (II) level was carried out from TM FCC in visual mode. Study 
of TM FCC of band 2, 3, 4 was used for mapping the parcels of land under 
usage and cover (Fig. 10) 
Table 12 presents the photocharacters of landuse and landcover 
in the area. 
1. Forest : 
The forest covered area is distinguishable into two sub-classes 
namely : 
a) Dense Dhak Forest 
b) Mixed Forest 
The treecover and landforms exhibit gross correlation. The mixed 
forests of dry deciduous plants are developed on the hills and steep slopes. 
The valley flats and plains support Dense Dhak Forest. 
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a) Dense Dhak Forest : 
Dhak (Butea monosperma kuntz) is dominant in the study area and 
makes dense forest arround Seriska, Thana Ghazi, east of Alwar, east of 
Narayanpur and Rajgarh, reflecting deep brownish to reddish tone and uneven 
v/ooly texture, boundaries are irregular in shape, human influence is seen 
as isolated settlement and foot paths in the area. 
b) Mixed Forest : 
Mixed forest type can be seen South of Ajabgarh, North of Kushalgarh 
etc. The areas having same expression as Dhak forested area except for 
mixed tonal expression at places which may be due to reflection of other 
species like Acacia, Ficus glomerata etc. However the low resolution does 
not permit to get specific classification. 
2. Rocky Waste : 
The erosional and structural hills on the periphery of the Seriska 
national reserved forest have been devoid of the forest cover due to extensive 
human encroachment on the natural habitate. These hills stand out in prominent 
relief against rolling plain and exhibit greyish green tone, uneven texture, 
irregular pattern, linear to curvilinear shape. These have been assigned 
to the rocky waste. 
3. Sand Bodies : 
Sand bodies are seen at some places in the study area. These 
have been classified into tv;o subclasses as stabilized and unstabiliaed sand 
bodies. 
a) Stabilized Sand Bodies : 
Stabilized sand sheets are having light yellowish tone, uneven texture, 
irregular shape, sporadic vegetation cover. Most of stabilized sand is seen 
on the western side of the area. 
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b) Unstabilized Sand Bodies : 
On the eastern side of Seriska sanctuary around Rajgarh, Malakhera, 
Alwar etc. Sand is seen as isolated bodies exhibiting bright white tone, 
uneven texture is characterised by lack of vegetation cover and have irregular 
shape. 
4. Water Bodies : 
The areas under water cover as whole have been categorized as 
water bodies in the first level classification. The water bodies are divided 
in the second level classification into lakes and ponds. 
Lakes and ponds are having negative micro relief and the water 
has been accumulated into the depressions. The water bodies where the 
depression is man made have been referred as ponds while those with natural 
depression have been mapped as lakes. 
The water bodies exhibit dark blue to black tone in FCC depending 
upon the turbidity and depth of the water column. The texture is even, 
the shape of the water bodies vary considerably, the ponds have rectangular 
shape and rectilinear boundry outlines. The lakes are characterised by irregular 
shape and curvilinear outlines. The human activity is seen as extensive 
cultivation along the margins of the water bodies. 
5. Cultivated Land : 
The cultivated lands comprises of two subclasses which are as 
follow : 
a) Agriculture 
b) Orchard 
a) Agriculture ( cropland ) : 
It has been observed in the study area, plains are under cultivation, 
soil of the area is fertile and yield both Rabi and Kharif crops which includes 
Bajra, Maize, Wheat, Rice, Gram, Arhar etc. but the scene which is used 
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for landcover mapping is of April 1989. During liiis season no dense cultivation 
has been observed. Due to absence of vegetation in the area light yellov>? 
to white tone is appearing in the FCC. 
The agricultural fields in the area are crop-follow, the landuse 
is recognised by reddish tone, coarse to medium texture and irregular 
distribution, but concentration is more around major towns. 
b) Orch6U*d : 
In the FCC these are exhibiting red tone rectangular shape and 
blocky texture, regular pattern. These features are seen arround Dewati 
and Guru areas etc. 
6) Settlement : 
The cultural activity in the area represented by human habitations 
has been grouped under settlement in the first level classification. The 
second level classification attempts to destinguish settlements into urban 
and rural agglomerations. 
a) Urban Area : 
The urban settlements in the study area are seen around the Alwar 
city and towns of Rajgarh and Ajabgarh. The urban settlements are recognised 
by the large coverage of built up area, rectangular shape, grey tone in FCC, 
blocky texture, regular patterns of buildings separated by roads. In the 
towns of Rajgarh and Ajabgarh the regularity of arrangement and patterns 
of road is lacking. 
b) Rural Agglomerations : 
Isolated settlements within the agricultural fields characterised 
by greyish photo tone in FCC and lack of any well defined pattern of the 
settlements characteris the rural agglomerations. The communication lines 
are developed as path and lanes. Locally roads are seen connecting the 
settlements with major roads in the area. 
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7. Communication : 
The means of communication are roads and railways. These are 
crossing different geomorphic levels connecting the settlement areas. The 
railway lines are characterised by their linearity and straightness and at 
places smooth curves where as roads, traci<s etc. have linearity as well 
as sudden curves. There is tonal variation between road and railway lino 
in which roads are showing reddish tone which might be due to trees plantation 
along the main roads (e.g. between Alwar and Rajgarh) where as railway 
lines show dark grey tone and smooth texture. The communication network 
at most places is characterised by positive micro relief. 
8. River / Nalas : 
On the basis of the USGS (U.S. Geological Survey) classification, 
the river and nalas are classed under water, but in the study area the river 
and nalas are seasonal and do not have v;ater for large period of the year, 
therefore, in the present study river and nalas with their tributaries have 
been classed as waste land. River/Nalas are appear in the TM FCC by 
bright Vvfhite tone, course to medium texture and rectilinear to curviliner 
outlines. 
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GEOMOllPllOLOGY 
Introduction : 
The Jaipur-Alwar area form part^ of dry lands of India. Its geonior-
phology was studied to understand the environmental requirements and for 
identification of the hazards likely to be encountered in the land management 
due to dynamic geomorphological processe. The geomorphology in its widest 
sense was studied to analyse landforms, their nature of origin and evaluation, 
processes of development and material composition using remotely sensed 
data products through combined man machine processing. The landforms 
were studied to establish relationship between landforms and solid geology. 
In order to develop morphochronology of various geomorphic elements, 
an attempt vvfas made to map the planar surfaces in the area. The spatial 
relationship of elements with the planar surfaces was used as guide to develop 
the relative chronology of the different geomorphic elements in the area. 
Planar Surfaces : 
In Rajasthan the three planar surfaces have been recognised (Heron, 
1938). Ravindra and Bakiliwal, (1983) have recorded three planar surfaces 
from Alwar, Jhunjhunu and Sikar districts corresponding to 600 m, 500 m and 
375 m levels. During the course of the present study three profile sections 
were prepared between TS^ OO' and 76°45' East longitude corresponding to 
North latitudes 27°15', 27''20' and 27°25' (Fig. 11; in the pouch) . The sections 
were superposed on a common base line to delineate the planar surfaces. 
The accordance of summit levels and general topography suggest surfaces 
corresponding to 600 m, 500 m and 260 m to 360 m. The morphochronology 
of the three surfaces recognised in the Jaipur-Alwar area of Rajasthan is 
a matter of debate. Heron (1938) assigned the three phases of peneplanation 
to Mesozoic, Tertiary and c Quaternary in Rajastha. 
Iqbaluddin (1989) records the top of the Decan trap plateau from 
320 m and the base of the trap from 280 m on the Mahi alluvial tract 
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from 110 m, M.S.L. which in terms of age suggest that in South Western 
Rajasthan the Tertiary surface corresponds to 320 m, Mesozoic corresponds 
to 280 m, M.S.L. and Quaternary planar surface corresponds to 110 m, M.S.L. 
In the above context the planar surfaces developed in Jaipur-Alwar tract 
of North-Eastern Rajasthan corresponding to 600 m, and 500 m, M.S.L. may 
be older than the Mesozoic. 
a) Baleta Surface : 
The 600 m planar surface for purpose of description has been designated 
as Baleta surface. This planar surface in essentially an erosional surface carved 
out by process of peneplanation. The signatures of peneplanation are evident 
from the fact that the rocks of different stratigraphic ages and structural 
styles occur at the same geomorphic level. The age of Baleta surface has been 
considered as per-Mesozoic due to the fact that the Mesozoic signatures in 
Rajasthan are seen at 280 m, M.S.L. (see Iqbaluddin 1989). Geomorphologically 
this surface is defined by erosional inhomogeneities manifested as structural 
hills and Intervening valleys. The hills occur both as Cuesta and Hogback 
slopes (Fig. 11). 
b) Kushalgarh Surface : 
The development of 500 m surface in Jaipur-Alwar tract is defined 
by isolated peaks in pediment slopes developed in the hilly tract of Alwar 
Group. This surface is erosional carved out by deep erosion and retreating 
mountain front leaving behind the pediment slopes which roughly correspond 
to 500 m, M.S.L., this erosional phase in the geomorphic evaluation of Rajasthan 
has been designated as Kushalgarh surface like Baleta surface, Kushalgarh 
surface also has accordance of different lithologies of variable ages and 
tectonic styles which signifies peneplanation of the earlier Baleta surface. 
In morphochronology this surface will be considered as Mesozoic as it is 
decidedly older to the quaternary Jaipur surface and younger to Baleta surface. 
The accordance of summits at 400 m elevation has been recorded 
from the area. The data base is not sufficient to suggest if these represent 
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palcoplanation surface or are the remanent of an consuming planation surface 
corresponding to 500 m, M.S.L. 
c) Jaipur Surface : 
This surface correspond to 300 m to 260 m, M.S.L. in North-Eastern 
Rajasthan, it is essentially a depositional surface formed by admixture of 
fluvial and aeolian silici elastics. The surface is forming a rolling plain 
whose monotony is punctuated by the development of surface drainage and 
aeolian deposits of dunes and sand sheets. Geologically the Jaipur surface 
has subcreps of Ajabgarh Group comprising metapelitic sequence and felspathic 
quartzite with subordinate bands of limestone and marble. 
Geomorphic Units : 
Terrain analysis in part of Jaipur-Alwar districts has been carried 
out using various LANDSAT data products both in visual and digital mode 
to establish the relationship between topography and solid geology of the 
study area. Various geomorphological units have been mapped on the basis 
of tonal, drainage and lithological variation both on the B/W transparencies 
and FCC's. Geomorphic anomolies were detected and can be picked up 
by observing local departure from expectable features such as abnormal 
drainage pattern, sudden change in the relief and trends of ridges, tonal 
variation, linear features etc. On the basis of these features, the following 
units were mapped (Fig. 12). 
1) Structural Hills and Valleys 
2) Pediment Zone 
3) Ruwares 
4) Rolling Plain 
5) Surface Drainage 
6) Sand Bodies 
1. Structural Hills and Valleys : 
The pronounced, well defined ridges and valleys are clearly seen 
in the TM FCC and LANDSAT digitaly analysed data, the structural hills 
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and valleys have a NNE-SSW trend which becomes curvilinear due to polyphase 
deformation of the Delhi tectonic system (Anon, 1981). 
The geomorphology is in the process of evolution, the topography 
has not reached the matured stage, the anticlines from structural hills and 
synclines define complimentary valleys. Locally the softer lithologies in 
the anticlinal axial zones have undergone accelerated erosion and have formed 
the erosional valleys. The ridge features of structural hills have been mapped 
as Cuesta and Hogback slopes depending upon the symmetry of the ridge 
profile. 
a) Cuesta : 
The Cuesta slopes are defined by asymmetry of the ridge profile 
in the quartzite of Pratabgarh and Rajgarh Formations of Alwar Group. 
The gritty quartzite of Barkol Formation of the Ajabgarh Group. The Cuesta 
slopes are seen fringing the erosional valleys defined by development of 
thick vegetation covers, dark tone and course texture. The drainage is 
external, the first order channels have longer channel length on the dip 
slopes than on the obsequent slopes. The resistance to erosion is high and 
the relief is pronounced. The Cuesta features are ubiquitous in the hilly 
tract of the Delhi Supergroup but are prominently seen around Buritali, 
Ramakala etc. 
b) Hogback : 
This structural element exhibit nearly symmetrical ridge profile 
in Alwar Group rock of quartzite. These are covered by thick vegetation 
and duely having dark tone, and coarse texture, the drainage is external 
where first order channels have almost same length on both sloping side 
of the ridge. These hogback indicate the high dipping strata, resistance 
to erosion is high hence attaning high relief. Hagbacks are seen around 
North-West of Toda, South West of Alwar, East and South of seriska and 
North-West of Rajgarh etc. 
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2. Buried Pediment : 
On small scale imagery recognition of pediment surface is difficult. 
However, these features are recognised by their association with the escarpment 
and hill ranges. The pediments are under the thin veener of alluvium and 
colliivium deposited at the foot of the receeding hill front. The buried pediments 
have been mapped in the part of Dogeta area, and on Eastern side of Retaria, 
and Malakhera etc. 
In FCC the unit is recognised by its light green to whitish tone 
which separate it from adjacent hill of dark brownish tone. Texture is 
even and drainage is linear with radial pattern. The pediments surfacce 
has 7° to 1° slope which decrease progressively distantly from hill front. 
3. Ruwares : 
Isolated landforms projecting abruptly from the alluvim and sand 
cover constitute distinct geomorphological units, which have been described 
as ruwares. These vary in composition having layered sequence of quartzite, 
phyllite and schist occuring on North-Eastern side of Malakhera and Rajgarh 
etc. They owe their existance to high resistance to erosion. The unit has low 
relief, external drainage, dark photo tone, coarse uneven texture. These 
have irregular outlines and show sharp boundary with the adjacent Quaternary 
alluvial cover. 
4. Rolling Plain : 
The alluvial tract surrounding the structural hill of Alwar and Ajabgarh 
Groups has uneven surface, reflecting the underlying topography of the phyllite 
and schist subcrops in the area. The accidented slopes of the Quaternary 
deposits has given raise to the rolling plains. The unit is characterised 
by local variations in the drainage directions, patterns and types in conformity 
with the rolling surface ofthe unit. 
The landuse is characterised by intensive agricultural activity, tone 
is pistachio green to yellowish in areas of biomass brown tone is common 
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in the FCC. Texture is matted, human influence is commonly seen as settle-
ments, roads, railway lines etc. 
The boundaries of the rolling plain with the structural hills and 
ruwares are sharp but with the Quaternary cover of buried pediments and 
fluvial land forms it has diffused and gradational boundaries. 
5. Surface Drainage : 
The main rivers in the study area are Sabi, Bhara, Banganga, with 
their tributeries consituting the surface drainage of the area. The TM FCC 
belongs to dry month of the year i.e. April therefore river and nalas are 
reflecting bright tone which is due to lack of water. However few depositional 
features have been formed by these rivers, which are sand bars, alluvial 
fans, flood plains etc. 
Sand bars are seen along the main channel of the river reflecting 
reddish tone and fine texture which reveals the agricultural activities. Alluvial 
fans are distinguishable at the base of hills by their light tone, fine to medium 
texture, their linear drainage pattern and clear fan shape. The flood plain 
can be picked up by their dark tone, coarse texture along Banganga river. 
6. Sand Bodies : 
The sand bodies are Aeolian features which have been brought 
to the area by wind action. These geomorphic features do not show the 
direction of wind blown. The sands reflect two distinct tones i.e. the stabilized 
or older sands are exhibiting light yellowish tone which may be due to vegetation 
cover, where as the bright white reflection by this unit, may indicate 
the active and fresh sand bodies. Texturally sand bodies reflect uneven 
texture and irregular shape and outlines. 
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GEOLOGY 
General Statement : 
Geological interpretation of the study area was carried out using 
TM FCC bands 2,3,4 for synoptic study of the whole area. Photocharacters 
of lithounits have been described and regional rock distribution of Delhi 
Supergroup has been traced for establishing geology of the area. Convergance 
of spectral signature of photographic elements and spatial character of geotech-
nical elements have been used for identification of roci< units. The classification 
proposed by Sant et, al. Geological Survey of India Mem. 110, (1980) has 
been adopted in the present study. 
The rocks of Delhi Supergroup extend continuously from Gujrat 
border in South-West to Delhi in the North-East covering a distance of approx-
imatly 700 km. The rocks of Delhi Supergroup are highly deformed. Stratigraph-
ically this Supergroup is divisible into Raialo, Alwar and Ajabgarh groups having 
a thickness of about 6000 m. The Raialo Group is dominantly calcareous, 
the Alwar Group is arenaceous and Ajabgarh Group is predominantly argillaceous 
in character. The rocks of the Delhi Supergroup have undergone regional 
metamorphism corresponding to green schist facies. The rocks have been intruded 
by synorogenic (Bairat) and post-orogenic (Erinpura) granites. Geochemically 
the Delhi Supergroup has been dated from 2000 Ma to 800 Ma (Anon, 1981). 
Previous Work : 
The precambrian rocks of North-East Rajasthan have been studied by 
various workers. Eraser (1824) was first to study the precambrians of Rajasthan 
as recorded in his travelogue. Hacked (1877) attempted to prepare the 
geological map over extensive area. However, Heron (1917) published the 
first ever descriptive and comprehensive account of the geology of precambrian 
rocks of Rajasthan. 
Pre-Delhi (Aravalli) and Delhi rocks are developed in Jaipur-Alv/ar 
districts. Table -13 presents the classification given by Heron (1917). 
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Post-Tertiary 
Delhi System 
(Purana) 
Recent and 
sub-recent 
Ajabgarh 
Series 
TABLE 13 
Soil,Alluvium,blown sand and 
nodular limestone (Kankar) 
Unconformity 
States and phyllites,quartzitic 
Sandstones and quartzites, 
impure limestone 
Horstone breccia 
Kushalgarh limestone 
Alwar Series 
(10,000-13,000 ft.) 
Raialo Series 
( 2000 ft.) 
Pre Delhis(Aravall System) 
(Thickness unknown) 
(Archean) 
Quartizites,arkose,grits and 
conglomerates,limestones and 
mica schists,contemporaneous 
volcanic rocks. 
Unconformity 
Limestone and quartzite 
Unconformity 
Several thousand 
feet thick 
Variable thickness 
1,500 ft. 
Intrusive 
Granite 
Amphibolite, 
Pegmatite and 
quartz veins 
Mica schist,crystalline limestone 
quartzite and schistose eon-
glomerate 
Intrusive 
Granite 
Amphibolite 6c 
quartz veins. 
Heron (1935) suggested a four fold classification of precambrian 
rocks of Rajasthan on the bases of presence of three unconformities between 
different system. 
The systematic work of many geologist, Bakliwal, P.C., (1975), 
Bakliwal et. al., (1974), Bakliwal et. al., (1976), Bakliwal et. al., (1972), 
Bakliwal et. aL, (1976), Chattop^dhyay, N, (1974), Datta, A.K. et. aL, (1976), 
Gangopadhyay, P.K., (1976), GaHgopadhyay, P.K., (1972), Gangopadhyay P.K., 
et. aL, (1968), Gangopadhyay P.K- et. al., (1972), Gangopadhyay P.K., et. al., 
(1975), Joshi S.M., (1970), Raja Rao et. aL, (1973), Sant V.N., (1963), Sant V.N. 
(1965), Sant V.N., (1966), Sant V.N. et. al., (1960), Sant et. al., (1963), Sant 
et. aL, (1965), Sant et. aL, (19^6), Sant et. aL, (1973), Siddiqui M.A., (1965), 
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Siddiquie, M.A. (1966), Siddiquie, M.A. (1969), Siddiquie, M.A. (1970), Siddiquie, 
M.A. (1972), Singh, S.K. <1976) and others during last two decades has led 
to refinement and modification of stratigraphic succession proposed by Heron 
(1917). The revisional mapping has revealed that the rocks referred to Aravalli 
System by Heron (1917) are pre-Aravalli sequence of Bilwara Supergroup 
(Raja Rao et. al. 1971). In the Jaipur-Alwar area Raialo series of Heron 
has been included in the Delhi Supergroup as basal unit of Delhi's. The 
stratigraphic break between Raialo and the overlying Alwar exist at a higher 
level than proposed by Heron. Following current code of stratigraphic 
nomenclature (Anob 1980), Delhi System of Heron has been changed from 
system to Supergroup and series has been given status of group v>?ithin which 
several formations have been delineated. Recent classification proposed 
by Geological Survey of India (Sant et. al. 1980) given in Table 14» 
Pre-Delhi Rocks : 
These rocks are not well exposed and their distribution is restricted 
at the base of the Dogete . Formation of Raialo Group. The pre-Delhi rocks 
comprise quartzite and schist of variable composition and nature, impure 
marble and granite. The low resolution of TM FCC and extensive quaternary 
cover, the pre-Delhis could not be picked up as major rock units. Stratigraphi-
cally the pre-Delhi basement is referrable to BJlv/ara Supergroup (see Raja 
Rao 1967). The basement rocks in the area are generally present as subcrops 
below the quaternary cover of alluvium and sand, the spatial and temporal 
relationship of basement with type are in South Rajasthan is conjectural 
(see Sant et. al., 1980). 
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Delhi Supergroup : 
A thick pile of dominantly calcareous sequence at the base, arenaceous 
members in the middle and predominantly argillaceous sequence at the top 
occuring with a first order unconformity over the Aravalli (Bilv^ara Supergroup) 
has been assigned to the Delhi Supergroup. These rocks have undergone 
regional metamorphism to green schist facies and have been subjected to 
polyphase deformation which has a dominant NE-SW trend. The deep erosion 
has exhumed the resistant quartzite sequence of Alwar and Ajabgarh Groups 
which have determine the major architecture of the Aravalli mountain ranqes 
in Rajasthan. 
The rocks of Delhi Supergroup beside the layered sequence also 
include the magmatic episodes represented as extrusive and intrusive phases 
coeval with Delhi orogeny. For purpose of description of Delhi Supergroup 
has been grouped into Raialo, Alwar and Ajabgarh. The magmatic events 
have not been accommodated to the rightful place in stratigraphy following 
the recent stratigraphic classification proposed by Sant et. al., 1980. These 
have been vaguely grouped as acid and basic intrusives of post Delhi age. 
This is tentative and need revision but due to limitations of Remote Sensing 
Applications author has not been able to address to this problem. (Fig. 13). 
Raialo Group : 
Heron, (1935 - p. 22) had described the calcareous formation which 
is resting unconformably on the pre-Delhi and form the base of Delhi Supergroup 
as Raialo series which has been redesignated as Raialo Group. It has been 
named after Raialo village in Jaipur district where the most illustrative 
sequence is developed. This group consist of two formations namely Dogeta 
Formation and Tehla Formation. 
Dogeta Formation : 
The lowest member of the Raialo Group has been designated as 
Dogeta Formation after the village of this name North-East of Raialo town. 
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The Formation is represented by basal quartzite which occur as discontinuous 
outcrops betv\^een Dogeta and Khoh-Dariba. The quartzite is felspathic and 
conglomeratic. In TM FCC of band 2,3,4 the quartizite exhibit light grey 
tone and uneven texture, drainage is coarse and external, resistance to erosion 
is moderate. The trends of the ridges define the formational strike and 
is punctuated due to development of faults. The rocks of Dogeta Formation 
are dominantly calcareous, the calcareous sequence occurs as subcrops in 
the area. Between the quartzites of Dogeta and Tehla Formation the sequence 
of marble interstratified with argillaceous sequence (Metamorphosed to schiest) 
is developed between Dogeta and Khoh-Dariba. Isolated exposures of the 
marble have been recorded from South-East of Tehla and North-East of 
Ajabgarh in the study area. The carbonate sequence west of Khoh-Dariba 
forms eraised topography oecuring as rounded mounds showing grey tones, 
fine texture and smooth topography. The drainage is not seen in the outcrop 
areas. It is developed in the area where carbonate sequence occurs as subcrop 
in dendritic pattern. North-East of Ajabgarh and South-East of Tehla the 
marble bands have given rise to lowlands characterised by development of 
dendritic drainge and depressed topography. 
Tehla Formation : 
The rocks of the Tehla Formation comprise quartzite, felspathic 
quartzite and schist. The formation is developed in the area around Tehla 
and North-West of Ajabgarh. The Tehla Formation has concordantly implaced 
basic intrusives (Amphibolite and metadolorite) which have been considered 
as post Delhi intrusives by earlier workers (Sant et. al., 1980). The present 
work carried out suggest that the basic intrusives represents synsedimentational 
magmatic episode (Volcanism ?) at the begining of the Delhi orogenic cycle. 
Some of the schist oecuring as subcrops around Tehla are possibly metamorpliosed 
volcano-sedimentary assemblage. 
In the TM standard FCC, Ratio images of band 3/2, 7/5, and FCC 
of band 7,4,2 the quartzites referred as serrate quartzites by Herbn occur 
as short strike ridges, exhibiting medium grey tone, medium - coarse texture, 
the drainage is fracture controlled, first order channels are subparallel. 
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relief is moderate, boundries are sharp. These exhibit angular discordance 
with hogback ridges of Alwar quartzite. The schist exhibit greyish to dark 
green tone, texture is coarse, drainge is parallel fracture controlled, the 
first order channels define the foliation trend in these rocks. The outcrop 
pattern is linear, resistance to erosion is low. The schist outcrops are seen 
as linear ridges only in few exposures. The schist exhibit angular discordance 
with overlying sequence of the Alwar Group in the area east of Tehla. 
The felspathic quartzite which forms the upper member of the 
Tehla Formation exhibit light greyish to greenish tone, medium to coarse 
texture, drainage is external and first order channels exhibit parallel pattern, 
relief is moderate, the quartzite forms hogback ridges which exhibit angular 
discordance with overlying rocks of Alwar Group. 
Alwar Group : 
An assemblage of conglomerate, arkose, felspathic quartzite, schist 
and carbonates metomorphosed to varying degree of recrystallization has 
been included into the Alwar Group. The metasedimentary sequence based 
on the dominance of arenaceous, argillaceous and calcareous component 
has been subdivided into Rajgarh, Kankwarhi and pratabgarh formations. 
The contact between underlying Raialo Group and Alwar Group is marked 
by stractural discordance, and local break in sedimentation (Sant et. al., 1980). 
Table -15 presents the lithology of different formations of the Alwar Group. 
TABLE 1 5 
Pratabgarh Formation Massive orthoquartzite with minor sericite 
quartzite and schist. 
Kankwarhi Formation Sericite schist, quartz-biotite schist, garneti-
ferous biotite schist and andalusite-biotite 
schist with minor quartzite and local 
conglomerates. 
Rajgarh Formation Conglomerate, arkosic quartzite, felspathic 
quartzite, minor sericite, quartzite etc. 
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Rajgarh Formation : 
Named after Rajgarh town, it comprises conglomerate and pebbly 
quartzite in the lower most lithounit of this formation. The conglomerate 
horizon occur as lenticular outcrops which is developed as impersistant horizon 
at Rajgarh. The conglomerate has a thick vegetation cover. In the TM FCC 
small linear outcrops of these rocks are seen with dark tone coarse texture 
and dendritic drainage pattern. South and South-West of Rajgarh excellent 
exposures of conglomerate are present. The conglomerate followed by gritty 
quartzite which appear as thin bands in TM FCC, east of Rajgarh town, 
reflecting light green tone, medium to course texture and low relief linear 
ridges. Their photo dip are depicted by presence of cuesta and hogback 
slopes which suggest low to high dipping strata, the gritty quartzite defines 
the geometry of the Reni anticline which plunges towards NNE. 
The youngest rock unit of this formation is quartzite which defines 
the major structural architecture in the area. The quartzite has transgrassive 
relationship v>/ith older rocks of the sequence, it rests over conglomerate 
and gritty quartzite in the Rajgarh area where as in the central part it 
overlies the Raialo Group with structural discordance. The bedding is prominent 
in this rock manifested by banded tone. The Alwar quartzite exhibits dark 
brownish to reddish tone, coarse texture, drainage is external and dendritic 
in pattern. At places drainage is angular controlled by fracture system. 
These rocks are widely distributed which are seen from Pratabgarh 
in the East to Rajgarh in the West. The presence of scattered outcrop 
of these rock is suggestive of folding and deformation in the suquence. The 
development of hog-back and cuesta features suggest steep to moderately 
dipping structure for the rocks of Rajgarh Formation. 
Kankwarhi Formation : 
The sequence of argillaceous and peletic rocks occuring above the 
» 
quartzite of Rajgarh Formation are below the arenaceous and calcareous 
sequence of Pratabgarh Formation havebeen included under the Kankwarhi 
Formation. The rocks have been metamorphosed to schist and compositionally 
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vary from sericite biotite schist to garnetiferous and andalusite schist. 
Locally thin intercalations of quartzite and conglomerate are reported from 
the rocks of Kani<warhi Formation. The type development of the formation 
is seen around Kankwarhi village where the metasedimentry sequence occupy 
an eroded valley between the quartzites of Rajgarh and Pratabgarh Formations. 
Isolated exposures of Kankwarhi Formation have been reported from Pratabgarh 
and West of Thana Ghazi. The inclusion of these metasedimentry sequence 
as Kankwarhi Formation is subject of debate. Three outcrops of Kankwarhi 
Formation are reported from the cores of the Alwar, Dadikar and Akbarpur 
anticlines. They exhibit bright yellowish tone in TM FCC and the drainge 
pattern develop on them follow the strike of rocks, these rocks exhibit medium 
to coarse texture in the Alwar and Dadikar anticlines where the micaceous 
conglomerate and quartzite are exposed, the formation show dark brownish 
tone and coarse texture with dendritic drainage pattern and has high resistance 
to erosion. The occurrence of inlayer of Kankwarhi Formation at higher 
tectonic levels around Alwar and Dadikar is attributable to thrust stacking 
of the tectonic slices prior to the folding of the sequence which determined 
the major architectural pattern of the Delhi tectonic system. 
Pratabgarh Formation : 
The Pratabgarh Formation comprise quartzite with intercalations 
of schist, impure marble and cale-gneiss, the unit represents the upper member 
of the Alwar Group and possibly the type sequence of the Alwar series 
of Heron (1917), the name Pratabgarh Formation has been given by Sant 
et. al., (1980) for the upper sequence of the Alwar Group after the town 
of Pratabgarh. However the most illustrative and instructive section of 
the formation are exposed in Alwar and adjacent area (what has been described 
as sector VI by Sant et. al., 1980). 
Overlying the rocks of Kankwarhi Formation the quartzites of the 
Pratabgarh Formation have been mapped in kankwarhi, Pratabgarh, Umrani, 
Hamirpur areas. The development of the rocks of Pratabgarh Fdrmation 
at Pundupal over the Rajgarh Formation indicate repetition of stratigraphy 
which is possibly the result of thrust tectonics in the area. The quartzite 
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of Pratabgarh Formation West of Kankvvarhi are representing insitu sequence 
where as the formation East of Kankwarhi occur as tectonic slices and possibly 
represent allochthonous sequence of Pratabgarh Formation. The quartzites 
are medium to coarse grain, highly recrystallized and massive, greyish white 
in colour and from prominent Hogback ridges. Their high resistance to 
erosion given rise to structural hills, the rocks exhibit deep brownish tone 
and coarse texture. The drainage is external, the 1st order channels are 
joint controlled and show parallel pattern on the Hogback slopes. The trends 
of 2nd and 3rd order channels are controlled by the formational strike in 
the area. 
Ajabgarh Group : 
The dominantly arenaceous sequence of Alwar Group is followed 
by argillaceous sequence with subordinate calcareous and arenaceous sillici 
elastics, this sequence is dominantly developed on Ajabgarh in Alwar district 
whence from the lithoassemblage drives its name as Ajabgarh Group. The 
rock assemblages which where inclll^ed in the Ajabgarh series (see Heron 1935) 
have been assigned to the Ajabgarh Group, following norms of lithostratigraphic 
classification Sant et. al., (1980) have assigned new nomenclature to the 
rock units of the Ajabgarh Group. Table 16 presents the details. 
Ajabgarh 
Group 
Alwar 
Group 
TABLE 16 
Kharjo-Kothal Formation 
(Qaurtzite intercalated with thin bands 
of mica schist, phyllite and marble) 
Rampura-Mohanpura Formation 
Marbles with thin bands of schist and 
quartzite. 
Pursotampur Quartzite (Quartzite, 
brecciated and ferruginous) 
Kuhara Formation 
(Quartzite,impure marble and cale 
gneiss) 
Kushalgarh Limestone 
Impure marble 
Alwar Quartzite 
Qucrtzite with thin bands of quarlz-
serioite schist 
Bharkol Formation 
Thana-Ghazi Formation 
Seriska Formation 
Kushalgarh Formation 
Pratabgarh Formation 
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Kushalgarh Formation : 
The rocks of the Alwar Group are followed by Ajabgarh Group through a 
transitional sequence of carbonate sedimentation. In the type area the rocks 
of Pratabgarh Formation are followed by a sequence of impure limestones 
which comprises banded marble and cale-silicate rocks. The best exposed 
sequence is in the village and fort of Kushalgarh where from sequence derives 
its name as Kushalgarh Formation. The Kushalgarh Formation in mainly 
banded marble with minor intercalation of sericte schist and delomatic marble. 
The rocks exhibit eraised topography and have low outcrop density. Under 
TM FCC the lithocharacters have been masked by thick vegetation cover. 
However tlie structural trends are clearly visible following rocks of the 
underlying sequence of Pratabgarh Formation. The outcrdp distribution of 
Kushalgarh Formation is patchy, the formation is not developed as persistant 
market horizon, it represent deposition of lime mud in deep water environment 
Seriska Formation : 
Named after Seriska village and consist of brecciated quartzite 
(Hornstone Breccia) with intercalations of carbonaceous phyllite. Patches 
of these rocks are seen South of Jodhas around Narayanpur, North-West 
of Rajpura etc. The rock exhibit dark tone, coarse texture and angular 
drainage pattern. The chert beds developed at different places in the area 
have been included into Seriska Formation (see Sant et. al., 1980). In the 
present study the formational status has been retained but possibly it calls 
for a review of the stratigraphy. The chert occur at different levels in 
the stratigraphy of Ajabgarh Group in Alwar district. 
Thana Ghazi Formation : 
Overlying Seriska Formation is Thana Ghazi Formation comprising 
carbonaceous phyllite and intercalated marble exposed as patches around 
Andwari, Manpura, Impipura, Kaerwari etc. these rocks reflect brownish 
tone, course texture, drainge is external relief is low. 1st order 'channels 
are joint controlled showing parallel pattern, 2nd & 3rd order channels have 
annular pattern. The alternation of harder and softer lithologies give rise 
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the Rib and Furrow topography. 
Bharkol Formation : 
It comprises of gritty quartzite with interlayered phyllite, carbonaceous 
phyllite and schist these rocks are well developed and exposed on the Eastern 
side of the scene and occur as highly folded and disturbed linear hog-back 
ridges. The rocks show light green tone and coarse to medium texutre 
due to layering of the rocks, the banded tone and texture are seen at places 
in the FCC. Quartzite form ridges and the softer schists occupy structural 
valleys. The drainage is external, joint controlled and exhibit angular pattern. 
These rock can be seen between Lachmangarh and Malakhera, North-East 
of Rajgarh etc. and are continuously traceable North wards into Haryana 
and the National Capital Region of Delhi. 
Arauli Formation : 
Bharkol Formation is followed by Arauli Formation, it is youngest 
formation of Ajabgarh Group, comprising an assemblage of garnetiferous 
chlorite schest and garnet bearing staurolite schist. However no outcrop 
of this formation is recorded in the study area. 
Post Delhi Intrusive : 
The Delhi Supergroup has its magmatic activity of acid and basic 
types. The basic magmatism has been considered as post-Delhi intrusives 
(see Sant et. al., 1980). The observation of the author suggest that the 
basic rocks recorded from the Tehla area as amphibolite and metadolorite 
possibly represent synsedimentional volcansim and need to be accommodated 
in stratigraphy alongwith layered sequence of the Tehla Formation of the 
Raialo Group, these rocks are pre-Rajgarh Formation in age and as such 
these can not be considered as post-Delhi intrusives. The acid magmatism 
is resented by the synorogenic granite which is developed in the , Dadikar 
and Dirat area, this granite has been dated as 1650 my (sant et. al., 1980). 
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The pegmatites are post-Delhi and represent a period of lithospheric 
heating corresponding to 700-800 my. The quartz viens are mostly of sweat 
in type and it is difficult to assigne them any definite place in stratigraphy, 
following Sant et. al. (1980) these have been vaguely included in stratigraphy 
as post-Delhi in age. 
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SUMMARY 
The dissertation presents ttie work carried out as partial fulfilment of 
the M.Phi. Remote Sensing Applications program. The program includes 
review of the principles of remote sensing, methodology adopted and describes 
the land-use/Landcover, geomorphology, and geology of the area. 
1. Romote sensing science has been described. The nature of electromag-
netic spectrum, its component, atmospheric effect on EMR and 
windows present in the atmosphere are discussed in brief. The 
various electromagnetic bands, sensors and platforms which are 
used in remote sensing have been described. 
2. The methodology adopted, instrumentation and data products used 
have been described stepwise. The digital image processing technique 
such as preparation of FCC, band ratioing and filtering of data 
have been discussed. The details of the data products and output 
are presented in the dissertation. 
3. The Landuse/Landcover distribution of the area has been described. 
The Landuse has been identified through interpretational keys of 
photographic and geotechnical elements. The relationship between 
Landuse and Landforms has provided basis for Landuse classification 
of the area into forest cover, rocky \//aste, settlement, agriculturel 
field, v;ater bodies etc. 
4. The geomorphology of the area has been interpreted through remote 
sensing techniques. The landscape evoluation has been controlled 
by polycyclie erosion which resulted in the development of three 
planation surfaces which have been designated as Baleta, Kushalgarh 
and Jaipur planar surfaces. The homogenity of the landscape has 
been punctuated by the development of the structural hills and 
valleys, pediment zone, ruwares, rolling plain and surface drainage. 
The aeolian dynamics of the arid frontier has provided the clastic 
cover in the form of sand sheets and dunes. 
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5. The geology of the area have been extracted through convergence 
of evidence collected through visual and digital analysis of the 
photographic and geotechnical elements. The lithology was identified 
through the interpretation of TM Landsat data. The stratigraphy 
was worked out \ni\] the help of review of the previous work. 
The rocks of the area comprise pre-Delhi basement referable to 
the Bilwara Supergroup and the cover sequence of Delhi Supergroup. 
The basal formation which are dominantly calcareous are referable 
to the Raialo Group which rest over the Archean basement with 
first order unconformity. The sequence of calcareous, arenaceous 
and volcono elastics is followed by an assemblage of conglomerate, 
arkose, felspathic quartzite and schist which have been metamorphosed 
to varying degree of recrystallization. The sequence exhibit structural 
discordance with the underlying rocks of the Raialo Group and 
has been included in the Alwar Group. The dominantly arenaceous 
sequence of Alwar Group is followed by argillaceous sequence with 
subordinate calcareous and arenaceous elastics. The litho-assemblage 
having dominantly argillaceous character has been included in the 
Ajabgarh Group. 
The magmatic activity is both basic and acidic type. The basic 
magmatism in the Delhi rocks is suggested to be synsedimentational. The 
acidic magmatism indicate a period of lithospheric heating in the area. 
The structural evolution of the Delhi Supergroup appears to have 
been controlled by thrust striking of tectonic slices and subsequent folding 
of the thrust plane itself during the later phases of compression tectonics. 
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